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1. Introduction
Child abuse is the willful infliction of injury to a child. Estimated at 2.8 million children affected
per year, over 2,000 die from maltreatment [1]. In 1998 alone, 900,000 cases were reported [2]
and from 1986-1993 cases doubled in the United States. Up to 10% of children seen in the
emergency room (ER) under the age of 6 had a non-accidental injury accounting for nearly
25% of all hospital admissions for head injury in infancy, producing significant morbidity [3,
4]. Abuse is not limited to poor or racial minorities [5]. Physical and sexual abuse during
childhood/adolescence was reported by 22% on a questionnaire [6]. Abused children fre‐
quently have moderate to severe malnutrition [7] due to withholding of food which may lead
to compromised nutritional state and failure to thrive (FTT) [8]. Twenty-nine percent of 42
children with severe trauma had under nutrition resulting in growth retardation [9].
Bonnier et al. reported that all 13 children with whiplash shaken infant syndrome had a weight
<50th percentile and 9 had a weight <10th percentile. Average birth weight was at the 30th
percentile, but body weight at admission for shaking was below the 10th percentile [10]. Poor
physical growth/nutrition are seen in 25-35% of abused children [11]. The most common
chronic illness of childhood is lead poisoning [11]. Siblings in foster care, physically abused or
neglected children are at high risk of lead poisoning and incurring a developmental disability
[12-14]. Lead poisoning is caused by ingesting contaminated paint from window sills, furni‐
ture, Mexican terra cotta pottery, imported tamarind candy, hot-running water through lead
soldered pipes or anything covered in lead-based paint [12-14]. The interaction between
nutrition and toxic hazards depends on the baseline nutritional status of the individual as well
as total food intake, percent dietary fat, calcium, iron, zinc, vitamin D and phosphorus [15,
16]. Food restriction increased lead retention in animals fed lead containing diets [16, 17]. Yet,
one study found a positive association between total caloric intake and blood lead levels [18].
Low calcium diets elevate lead tissue concentrations as calcium functions as a chelating agent
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reducing lead absorption [17, 19]. Lead competes with calcium in enzyme systems, alters
calcium metabolism regulation, modifies the calcium second messenger system, impairs
normal modulation of intracellular calcium homeostasis, modifies induction of calcium-
regulating proteins and interferes with energy metabolism [19-22, 23]. Zinc status has been
found to be approximately 20% lower in children with substantially elevated blood lead
concentration. Children may have increased lead absorption following shorter fasting time
than adults because of rapid gastric emptying [24]. As dietary zinc intake increases, tissue lead
levels and toxicity decrease. Research suggests that higher dietary iron intake might be
protective against high blood lead levels [24-26]. Another study found anemia in 13% of the
5,181 abused/neglected children screened; potentially due to lead interfering with heme
synthetase.[27] When examining dietary iron intake and H/H levels, the degree of anemia from
iron-deficient/lead-intoxicated rats was greater than either condition alone [16]. Lead ia a
divalent cation which can deplete iron and zinc. In abused/neglected children, poor nutritional
status and lead toxicity can result in severe neurological effects [16]. Increased lead levels,
malnutrition and iron deficiency have negative effects on growth and development. Diets
adequate in zinc, calcium, iron, vitamin D, phosphorus and protein can reduce high blood lead
levels [22, 28]. Lead leakage from outdated non zinc-lined soldering seams in canned vegeta‐
bles and fruits should be avoided (usually found in underdeveloped countries); accordingly,
for homemade baby foods only fresh or frozen fruits and vegetables are recommended [29].
Calcium in evaporated or canned milk is rarely a problem as calcium chelates lead for
excretion. Itoh and Suyama report another problem regarding calcium retention, high dietary
sodium intake produces greater loss of calcium in urine as sodium and calcium compete for
the same recovery mechanism in the kidney [30]. The purpose of this study was to determine
the nutritional status of children with suspected abuse since it relates to health risk.
2. Methods
When the child was admitted to the ER with suspected abuse, a social worker was notified,
who informed the investigator of the admission. The dietary department was contacted by
nursing staff to record the child’s dietary intake while a medical resident/staff was notified to
perform laboratory levels as determined from the medical/social history. Medical records
provided the following information: age, sex, race, type of injury, family size and family
characteristics. Nutritional status was assessed using anthropometric measures, biochemical
values and dietary intakes. Height and weight were plotted on the growth charts and head
circumference, upper arm circumference and triceps skinfold measurements were performed
according to the standard methods [31-34]. Biochemical values were obtained by established
standard laboratory procedures. A calorie count one to three-day food record was obtained
for each child and calculated by the dietitian for calories, protein, zinc, vitamin A, calcium,
magnesium, phosphorus, iron, thiamin, riboflavin, niacin, vitamin C and vitamin D from
standard data; below two-thirds of the standard being deficient [35]. Due to confidentiality
and legal issues with these families, only hospital dietary intakes could be obtained A t-test
was performed from anthropometric, biochemical, and dietary values against the standard
and further compared PA against SA children. The research proposal was accepted by the
Children’s Hospital Medical Center’s Institutional Review Board. Fingerprick lead screening
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was performed on 14 of the 28 children, as determined by medical staff from the medical/social
history, and thus are listed as an outgrowth of the study.
3. Results/Discussions
Twenty-eight children suspected victims of child abuse, aged 1.5 months to 8.75 years [10
Caucasians, 17 African American, 1 bi-racial child; 14 male, 14 female) were admitted to ER.
Type of injury, number of cases, and size of family are shown in Table 1. Many of the families
received financial assistance, which is not atypical (Table 1). Anthropometric results showed
the majority of subjects (61%) below the 50th percentile; 32% above the 75th percentile for height-
for-age and 64% below the 50th percentile for weight-for-age (Table 2). The majority had TSF
values of 8-9 mm; below the standard of 10.6 mm. Weight was significantly below the mean
for PA children (p=0.05) and PA significantly below the mean of SA children (p=0.019). TSF
for PA children were significantly below national government standards (p=0.01). All SA
children were in upper percentiles of height-for-age and weight-for-age, while the majority of
PA children were below the 50th percentile for weight-for-age. Biochemical results (Table 2)
revealed the average hemoglobin was 11.6 gm%; significantly below the average of 12.7 gm%
(p=0.0005) and. the average hematocrit was 35.5%; significantly below the standard of 37.1%
(p=0.025) although dietary iron was adequate. Of 14 children, 36% had lead levels above
normal and 28% were borderline indicating that lead levels may be high in some children with
suspected abuse. SA children (p=0.005) and PA children (0.025) had significantly higher lead
levels with PA children having more variability within the group. Hematocrits of SA children
were slightly higher. PA subjects show that weight (p=0.05) and TSF (p=0.01) were significantly
below standards (Table 2). Although diets offered to the hospitalized children were nutrition‐
ally adequate, diets consumed by children with suspected abuse were significantly lower than
standard data in vitamin D and zinc (p=0.0005). When comparing PA and SA children, height
(p=0.033) and weight (p=0.019) were significantly different and lower in PA children. A history
of PA was more often found in males, with SA occurring more often in females [36, 37]. The
incidence of abuse is not limited to racial minorities [38]; many children with suspected PA
were Caucasian. The decreased weight of PA children found in this study is consistent with
other findings that underweight and poor physical growth accompany child abuse [11, 39-42].
Low TSF values are consistent with findings and further indicate poor nutritional status. Leung
et al. suggested FTT in child abuse may be due to withholding of food or the child not eating
(appetite loss) associated with abuse/neglect. Twenty-five of 50 abused children had hemo‐
globin concentrations of less than 10gm% [38], while 25% fell below 10 gm% in this study.
Bithoney et al. stated that every FTT child is malnourished [13]. Thirty-six percent [5 of 14
children) had elevated blood lead levels with 28% borderline, while Flaherty found 64.7% of
abused and neglected children had elevated levels [14]. Behavioral manifestations of elevated
lead may be more noticeable than effects on intelligence (elevated tempers and mental
retardation) [43]. Zinc and vitamin D, which enhances calcium absorption, were low; thus,
nutrient chelators were not available to reduce lead absorption [44]. Reduced weight and
triceps values often accompany abuse, possibly indicating inadequate availability of food. Due
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to confidentiality of being classified with suspected abuse, home visits were not available as
is typical in other reports on dysfunctional families. PA children have a higher rate of malnu‐
trition, reduced growth, low iron status and elevated blood levels. Each is interrelated
increasing the effects of the other. Leung et al [8] claim that if children are suffering from
malnutrition, it is essential to begin early intervention because of unknown prognosis.
Adequate energy needs should be addressed immediately, followed by treatment of iron
deficiency anemia and elevated lead levels [13]. Furthermore, early intervention is essential as
children may develop significant long-term cognitive and developmental delay.
Age Range: 1.5 months to 8.75 years
Age Number of Subjects
0-3 years 10
1-3 years 8
4-6 years 8
Over age 6 2
Total: 28
Type of Abuse Number of Subjects
1. Sexual 7
2. Bruises/lacerations 8
Subdural hematomas/facial trauma 6
3. Dehydration/severe neglect 1
4. Burns 3
5. Fractures 3
Total: 28
Cross-Tabulation for Type of Abuse with Socioeconomic Variables:
Sexually Abused (SA) Physically Abused (PA)
Race Caucasian 1 (14.3%) 10 (47.6%)Non-Caucasian 6 (85.7%) 11 (53.4%)
Parents One 4 (57.1%) 15 (71.4%)Two 3 (42.9%) 6 (28.6 %)
Receiving
Government Aid
Yes 3 (42.9%) 13 (61.9%)
No 4 (57.1%) 8 (38.1%)
Table 1. Summary of Characteristics of Children with Suspected Abuse
Factor Mean StandardValues
Standard
Deviation *p
All Subjects:
Height (cm) 84.6 86.1 24.0 NS
Weight (kg) 12.4 16.6 8.4 NS
Head Circumference (cm) 46.6 46.6 5.3 NS
Pharmacology and Nutritional Intervention in the Treatment of Disease330
Triceps (mm) 9.2 10.6 4.7 0.10
Hemoglobin (g/dL) 11.6 12.7 1.0 0.0005*
Hematocrit (%) 35.5 37.1 4.0 0.025*
Vitamin D (I.U.) 247.7 400.0 69.7 0.0005*
Calcium (mg) 761.6 671.0 264.1 0.10+
Protein (g) 48.8 21.7 24.87 0.005*+
Magnesium (mg) 122.4 141.4 58.0 0.10+
Zinc (mg) 5.8 7.9 2.8 0.0005*
Physically Abused:
Height (cm) 79.1 79.0 21.3 NS
Weight (kg) 10.3 12.2 5.9 0.05*
Head Circumference (cm) 45.7 45.5 5.9 ND
Triceps (mm) 8.5 10.4 2.9 0.01*
Hemoglobin (g/dL) 11.6 12.5 1.1 0.001*
Hematocrit (%) 35.4 36.8 4.3 0.05*
Vitamin D (I.U.) 254.7 400.0 76.8 0.0005*
Calcium (mg) 699.0 628.6 269.8 NS+
Protein (g) 42.0 18.6 25.1 0.0005*+
Magnesium (mg) 102.7 119.5 53.8 0.10+
Zinc (mg) 5.3 7.3 2.8 0.0005*
Mean
All Subjects Sexually Abused (SA) Physically Abused (PA) *p
Height (cm) 101.1 79.1 0.0033*
Weight (kg) 18.7 10.3 0.019*
Head Circumference (cm) 49.6 45.7 0.09
Triceps (mm) 11.4 8.5 0.10
Hemoglobin (g/dL) 11.6 11.6 NS
Hematocrit (%) 35.7 35.4 NS
Vitamin D (% DRI) 55.1 65.2 0.185
Calcium (% DRI) 112.8 112.5 NS+
Protein (%DRI) 299.4 230.0 NS+
Magnesium (% DRI) 79.9 85.0 NS+
Zinc (% DRI) 74.4 82.5 NS
Lead Screen (14 subjects) (% std) high 5(36%) borderline 4(28%) SA p=0.005* PAp=0.025*
*Statistically significant p<0.05 by “t” test
+Nutrient intake and dietary iron adequate
Table 2. Nutritional Status Evaluation of Children with Suspected Abuse
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4. Conclusion
Research indicates that abused children may be at nutritional risk upon hospital admission.
PA children are especially vulnerable; therefore, awareness of the child’s nutritional status by
the health care team should be increased. Interdisciplinary cooperation involving physicians,
social workers, nurses, and dietitians are needed to provide the best health care for these
children. Dietitians should be responsible for employing various nutritional assessment
techniques and teamwork with other disciplines. Further studies concerning dietary patterns
in the home environment and nutritional knowledge of the caretaker/parent(s) should be
conducted to prevent reoccurrence.
5. Applications
Dietitians/nutritionists should be included as members of a child abuse team. Child abuse/
neglect training materials for medical/health professionals should incorporate nutritional
status and provide nutrition education to caretakers/parents through Parents Anonymous
Groups and similar therapeutic sessions. Nutritional as well as other environmental toxins,
such as lead and mercury, also should be discussed with the families. Cooking sessions with
culturally diverse nutrition education materials, nutrition counseling, and teamwork may
need to be conducted by dietitians with families who have minimal cooking and/or nutritional
skills using some of the available resources [45-51].
Author details
Eileen Harper1, Shirley Ekvall2,3*, Valli Ekvall2,3 and Wei Pan3
*Address all correspondence to: shirley.ekvall@uc.edu
1 Providence Everett Medical Center, Seattle, Washington, USA
2 University Affiliated Cincinnati Center for Developmental Disabilities, Children’s Hospital
Medical Center, Cincinnati, Ohio, USA
3 University of Cincinnati, Cincinnati, Ohio, USA
References
[1] Child abuse doubles: investigation lags. Public Health Reports. 1997; 112:4.
Pharmacology and Nutritional Intervention in the Treatment of Disease332
[2] Department of Health and Human Services, Administration for Families Fact Sheet.
Washington, D.C.; September 22, 2002.
[3] Famularo, R., Fenton, T., Kinscherff, R. Medical developmental histories of maltreat‐
ed children. Clin Pediatr. 1992; 31:536-541.
[4] Duhaine, A.C., Christian, C., Moss, E., Seidl, T. Long-term outcome in infants with
the shaking infant syndrome. Pediatr Neurosurg. 1996; 24:292-298.
[5] Depanfilis, D. Rates, patterns and frequency of child maltreatment recurrences
among families known to CPS. Child Maltreat. 1998; 3:27-42.
[6] McCauley, J. Kern, D.E., Kolodner, K., Dill, L., Schroeder, A.F., DeChant, K. Clinical
characteristics of women with a history of childhood abuse: unhealed wounds. JA‐
MA. 1997; 277(17):1362-1368.
[7] Helfer, R. Pollock, C. The Battered Child Syndrome. Adv Pediatr. 1968; 15:9-27.
[8] Leung, A. Robson, W., Fagan, J. Assessment of the child with failure to thrive. Am
Fam Physician. 1993; 48:1432-1438.
[9] Birrell, R., Birrell, J. The maltreatment syndrome in children. Med J Aust. 1968;
2:1023-1029.
[10] Bonnier, C., Nassaqne, M.C., Evard, P. Outcome and prognosis of whiplash shaken
infant syndrome: late consequences after a symptom-free interval. Dev Med Child
Neurol. 1995; 37:943-956.
[11] Martin, H.P., Beezley, P., Conway, E.F., Kempe, C.H. The development of abused
children. Adv Pediatr. 1974;1074:21-25.
[12] Chung, E.K., Webb, D., Clampet-Lundquist, S., Campbell, C. A comparison of elevat‐
ed blood lead levels among children living in foster care, their siblings, and the gen‐
eral population. Pediatrics. 2001; 107:E81-82.
[13] Bithoney, W., Vandeven, A., Ryan, A. Elevated lead levels in reportedly abused chil‐
dren. J Pediatr. 1993; 122:719-720.
[14] Flaherty, R. Risk of lead poisoning in abused and neglected children. Clin Pediatr.
1995; 34:128-132.
[15] Hu, H., Kotha, S., Brennan, T. The role of nutrition in mitigating environmental in‐
sults: policy and ethical issues. Environmental Health Perspect. 1995; 103(6):185-189.
[16] Mahaffey, K.R. Nutritional factors and lead poisoning. Nutr Rev. 1981; 39:353-365.
[17] Ahrens, F.A. Effects of lead on glucose metabolism, ion flux, and collagen synthesis
in cerebral capillaries of calves. Am J Vet Res. 1993; 54:808-812.
The Nutritional Status of Children with Suspected Abuse
http://dx.doi.org/10.5772/57374
333
[18] Lucas, S. Sexton, M., Langenburg, P. The relationship between blood lead levels and
nutrition factors in preschool children: a cross-sectional study. Pediatrics. 1996;
97:74-78.
[19] Mahaffey, K.R., Garthside, P.S., Glueck, C.J. Blood lead and dietary calcium in 2926
1-through 11 year-old black and white children: The second national health and nu‐
trition examination survey,. Pediatrics. 1986; 78:257-262.
[20] Schanne, F.A., Gupta, R.K., Rosen, J.F. lead inhibits 1, 25 dihydrovitamin D-3 regula‐
tion of calcium metabolis, in osteoblastic osteosarcoma cells (ROS 17/2.8). Biochem Bi‐
ophys Acta. 1992; 1180:187-194.
[21] Long, G.J., Pounds, J.G., Rosen, J.F. Lead intoxication alters basal and parathyroid
hormone-regulated cellular calcium homoeostasis in rat osteosarcoma (ROS 17/2.8)
cells. Calcif Tissue Int. 1992; 50:451-458.
[22] Long, G.J., Rosen, J.F. Lead perturbs epidermal growth factor (EGF) modulation of
intracellular calcium metabolism and collagen synthesis in clonal rat osteoblastic
(ROS 17/2.8) cells. Toxicol Appl Pharmacol. 1992; 114:63-70.
[23] Bogden, J.D., Gertner, S.B., Christakos, S. Kemp, F.W., Yang, Z., Katz, S.R. Dietary
calcium modified concentrations of lead and other metals and renal calbindin in rats.
J Nutr. 1992; 122:1351-1360.
[24] Mahaffey, K.R. Nutrition and lead: Strategies for public health. Environ Health Per‐
spect. 1995;103(S6):191-196.
[25] Lanphear, B.P., Hornung, R., Ho, M., Howard, C.R., Eberle, S., Knauf, B.S. Environ‐
mental lead exposure during early childhood. J Pediatr. 2002; 140:40-47.
[26] Hammand, T.A., Sexton, M., Langenberg, P. Relationship between blood lead and di‐
etary iron intake in preschool children. Ann Epidemiol. 1996; 6(1):30-33.
[27] Flaherty, E., Weiss, H. Medical evaluation of abused and neglected children. Am J Dis
Child. 1990; 144:330-334.
[28] Mushal, P. Cronenti, A.F. Lead and nutrition: biologic interactions of lead with nu‐
trients. Nutr Today. 1996; 31:12-18.
[29] Ziegler, E.E., Edward, B.B., Jensen, R.I., Mahaffey, K.R., Fomon, S.J. Absorption and
retention of lead by infants. Pediatr Res. 1978; 12:29-34.
[30] Itoh, R., Suyama, Y. Sodium excretion in relation to calcium and hydroxyproline ex‐
cretion in a healthy Japanese population. Am J Clin Nutr. 1996; 63:735-740.
[31] Ekvall, S.W., Ekvall V.K., Nehring, W., Walberg-Wolfe, J.Nutritional Assessment, All
Ages and Levels,In: Ekvall, S. W., Ekvall, V.K.eds. Pediatric Nutrition in Chronic Dis‐
eases and Developmental Disabilities. 2nd ed. New York: Oxford University Press;
2005:50-80.
Pharmacology and Nutritional Intervention in the Treatment of Disease334
[32] Owen, C. The assessment and recording of measurements of growth of children: re‐
port of a small conference. Pediatrics. 1973; 51:461-466.
[33] Lohman, T., Roche, A. Martorell, R. Anthropmetry standardization reference manual.
Champaign, IL: Herman Kinetics Books; 1988.
[34] National Center for Health Statistics: Growth Charts. Rockville, MD: Health Resources
Administration, Monthly Vital Statistics Report. 25(3), Suppl. (HRA), 76-1120.
[35] Bowes and Church. Food Values of Portions Commonly Used, 16th ed., Philadelphia, PA:
JB Lippincott Co.; 1994 (incorporated into computer values).
[36] Sobsey, D., Randall, W. Parrilla, P.K. Gender differences in abused children with and
without disabilities. Child Abuse Negl. 1997; 21:707-720.
[37] MacMillan, H.L., Fleming, J.E., Trocme, N, Boyle, M.H., Wong, M., Racine, Y.A.,
Beardslee, W.R., Offord, D.R. Prevalence of child physical and sexual abuse in the
community. JAMA. 1997; 278:131-135.
[38] Ebbin, A.J., Gollub, M.H., Stein, A.M., Wilson, M.G. Battered child syndrome at Los
Angeles County General Hospital. Am J Dis Child. 1969; 118:660-667.
[39] Elmer, E. Children in Jeopardy. Pittsburgh: University of Pittsburgh Press; 1974.
[40] Wehner, F. Schieffer, M.C., Wehner, H.D., Percentile charts to determine the duration
of child abuse by chronic malnutrition. Forensic Sci Int. 1999; 105(3):191-194.
[41] Rao, N,K,, Begum, S., Benkataramana,V., Gangadharappa, N. Nutritional neglect and
physical abuse in children of alcoholics. Indian J Pediatr. 2001; 68(9):843-845.
[42] Bonet Alcaina, M., Martinez Roig, A, Pujals Ferrer, J.M., Vall combelles, O. Kwashior‐
kor as a symptom of abuse and neglect in Barcelona. An Esp Pediatr. 2001; 54(4):
405-408.
[43] Glotzer, D.E., Weitzman, M. Commonly asked questions about childhood lead poi‐
soning. Pediatr Ann. 1995;24(12):631-639.
[44] Hutchinson, J., Langlykke, K. Adolescent Maltreatment: Youth as Victims of Abuse and
Neglect (Maternal and Child Health Technical Information Bulletin), Arlington, VA:
National Center for Education in Maternal and Child Health; 1998.
[45] Huber, A., Ekvall,S. Lead Toxicity and Pica. In Ekvall, S.W., Ekvall, V.K.eds. Pediatric
Nutrition in Chronic Diseases and Developmental Disorders. 2nd edition, New York, Ox‐
ford University Press, 2005; 168-170.
[46] Stevens, F., Ekvall, S. Empowering Children with Good Nutrition and Early Interven‐
tion :Focusing on Culturally Diverse Children with Special Health Care Needs. Maternal
and Child Health Manual 4, Cincinnati, University of Cincinnati, 2002.
The Nutritional Status of Children with Suspected Abuse
http://dx.doi.org/10.5772/57374
335
[47] Rokusek, C, Jarka, E., Hanley, B., Earle-Hahn, J. Community Based Services and Re‐
sources. In Pediatric Nutrition in Chronic Diseases and Developmental Disorders. 2nd edi‐
tion, New York, Oxford University Press, 2005, 63-69.
[48] Graff. C., Murthy, L., Ekvall, S. Magnon, M. In home toxic chemical exposures and
children with developmental disabilities. Pediatr. Nursing. November/December,
2006;32(6):597-602.
[49] American Dietetic Association (Diabetic Care and Education Practice Group), Ameri‐
can Diabetes Association. Ethnic and Regional Food Practices. Chicago, American Die‐
tetic Association, 1998.
[50] Ekvall S.,EkvallV. Nutrition Support for Children with Developmental Disabilities.
In Baker,S, Baker,R, Davis,A. Pediatric Nutrition Support, Sudbury, Mass., Jones and
Bartlett Publishers, 2007.
[51] Tyler,C,White-Scott,S, Ekvall, S, Abulafa, L. Environmental Health and Developmen‐
tal Disabliltities: A Life Span Approach, Family and Community Health.
2008:31(4)28:287.
Pharmacology and Nutritional Intervention in the Treatment of Disease336
